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Figure 1. Spectral line overlap interference of iron on the 238.9- 
nm line of cobalt. 



Figure 3. Spectral line overlap interference of titanium on the 
292.4-nm line of vanadium. 
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Figure 2. Spectral line overlap interference of titanium on the 
228.6-nm line of cobalt. 
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Biological trace element research is a multidisci- 
plinary science in which both inorganic analysis 
and relevant biochemical parameters are important 
to carry out meaningful investigations. Therefore, 
ensuring adequate quality assurance encompassing 
all aspects of an investigation can be complex and 
multifaceted. In seeking solutions to these prob- 
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Iems, it should be recognized that currently avail- 
able reference materials (RM) are not fully ade- 
quate. The choice of the available RMs is limited 
even to meet the needs for inorganic constituents, 
while there are hardly any natural matrices avail- 
able for organic components. Therefore, in at- 
tempting to generate new biological RMs, it is 
desirable to adopt a multipurpose view. The advan- 
tage of having a natural matrix certified for several 
groups of analytes needs no emphasis. 

We have prepared a human mixed total diet to 
evaluate this concept. The diet material was pre- 
pared by pooling 201 foods in appropriate propor- 
tions [1]. One part of this material was stored as 
wet substance at — 150 °C, and analyzed periodi- 
cally for several organic nutrients, inorganic ele- 
ments, and selected organic toxicants. AOAC 
methods for organic nutrients, flame atomic ab- 
sorption spectrophotometry and inductively cou- 
pled plasma atomic emission spectrometry for 
elemental analysis and an ion-exchange separation 
method for phytic acid determination were used. 
Organic toxicants were assayed by gas chromatog- 
raphy [2]. 

The results for several organic nutrients are 
shown in table 1. These pielimiruwy findings indi- 
cate that the diet material stored at — 15G °C is sta- 
ble for at least 1 year for organic nutrients. 
Unfortunately, extended observations were inter- 
rupted due to lack of sample material, since the 
organic nutrient analysis required large quantities 
of diet material, Some organic nutrients are very 
sensitive to handling operations. This may be one 
reason for the differences observed in vitamin C 
contents between diets 1 and II, Because of the ex- 
perience gained from diet I, diet II was handled 
with additional care which may have resulted in a 
higher retention of vitamin C (table 1). 

Table 1. Stability of organic nutrients in mixed total diets stored 
under liquid nitrogen cooling 



Nutrient 


Unit 


Diet-I 


Diet-I 


DieMI 






t=0 


t = l yr 


t = 


Thiamine (B 1) 


mg 


2.2 


2.1 


2.1 


Riboflavin (B2) 


mg 


2.4 


2.2 


2.3 


Vitamin B6 


mg 


1.5 


1.3 


1.8 


Vitamin C 


mg 


20 


26 


42 


Pantothenic acid 


mg 


6.4 


S.7 


S.5 


Niacin 


mg 


24 


28 


26 


Vitamin A 


fig 


564 


590 


745 


Vitamin B12 


u-g 


9 


12 


13 


Biotin 


M-g 


36 


36 


38 


Total folates 


^S 


210 


180 


210 



Proximate analysis of fresh material revealed 
84% total volatiles, 3% fat, 9-2% carbohydrate, 
3.4% protein, and an ash content of 0.7%. 

A few organic pesticides/toxicants have also 
been identified in this material. These include lin- 
dane, heptachlor-epoxide and 4-4' DDE. Follow- 
up studies to investigate stability of these 
components on storage are in progress. 

The fresh diet material frozen at — 150 °C was 
also investigated for its stability with respect to in- 
organic constituents. These results have been con- 
verted to freeze- dried basis, and are shown in table 
2. As expected, no systematic trends in concentra- 
tion changes were observed for most elements over 
the 6-month period of storage. Slight inconsisten- 
cies seen in the concentrations of Fe and Mg being 
somewhat lower at t=0, are mostly reflections of 
practical analytical problems encountered with this 
kind of study. 



Table 2. Stability of mixed diet material foi selected inorganic 
elements. Wet material stored for 6 months at — 150 'C. Results 
are expressed on dry weight basis (concentration = u,g/g±l 
S.D) 



Element 


t=0 


t=6 months 


Ca 


1698 ±34 


1667 ±56 


Mg 


S43±26 


617±14 


K 


6480±154 


6080±180 


Na 


704O±230 


6590+280 


P 


3235+37 


3333±56 


Cu 


3. LI ±0.70 


2.7±0.I1 


Fe 


26.2±2.0 


31.0+1.5 


Mn 


5.61 ±0.25 


S.52±O.30 


Zn 


35.0±0.1 


33. [±0.1 



A second part of the diet composite was freeze- 
dried, homogenized and periodically investigated 
for inorganic elemental content. During this pe- 
riod, the material was stored in teflon jars at ambi- 
ent temperature (20-25 °C). As seen from the 
results shown in table 3, no significant changes 
were observed over a period of 30 months of stor- 
age. There is also good agreement between the re- 
sults shown in table 2 (stored as fresh material) and 
table 3 (stored as dry material). 
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Table 3. Stability of mixed total diet material for selected inor- 
ganic elements (dry material stored at 20 °C up to 30 months, 
fig/g, mean±l S.D.) 



Element 


Initial' 


After b 


After" 


After 11 




1 month 


6 months 


18 months 


30 months 


Ca 


1643±45 


I712±24 


1618±46 


1612 c 


Mg 


608 ±10 


618±4 


594±16 


611 


K 


6150±170 


5510±120 


S960±SO 




Na 


6320±40 


5860±130 


6120±95 




P 


3337±33 


3217±15 


3198±50 


3277 


Ca 


3.05 ±0.20 


2.83±0.06 


2.60±0.08 




Fe 


30.0 ±1.0 


31.0 ±1.5 


29.5 ±0.9 


31.2 


Mn 


5.63±0.03 


5.30±0.06 


5.21 ±0.05 


5.23 


Sr 





2.83±0.04 


2.7 ±0.07 




Zn 


29.6 ±0.5 


30.5 ±1.1 


29.5 ±0.7 


32.7 



■ AAS flame. 

b AES-ICP. 

Results under this column are averages of two determinations. 

Besides the inorganic constituents, phytate was 
also determined in the dry material, and was found 
to contain an initial level of 1.4+0.2 mg/g [3], The 
storage stability of this constituent is being 
investigated. 

This preliminary investigation has demonstrated 
the feasibility of exploring a total mixed diet matrix 
for certification as a multicomponent Standard 
Reference Material (SRM). A bigger batch of a 
second mixed total diet is under investigation as 
part of a systematic study to evaluate the stability 
of several components over a period of at least 3-5 
years. The experience gained from this investiga- 
tion has helped in understanding some of the prac- 
tical difficulties faced in the preparation of a 
natural biological reference matrix for multiple 
components, especially organic constituents. 

The authors are thankful to John Jones and 
Kathleen Cook (FDA) and Robert Watters (NBS) 
for elemental analysis, Michele Schantz (NBS) for 
organic analysis, and Eugene Morris (USDA) for 
phytate analysis. 
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Dramatic advances in the development of tech- 
niques and instruments in recent decades have im- 
proved the quality of all analytical work including 
that directed at determining vitamins. The pursuit 
of accuracy, however, still involves detailed exami- 
nation of every step in a procedure, including stud- 
ies on seemingly trivial manipulations. New 
methods must also be checked against established 
procedures and finally, tested in collaborative stud- 
ies. The development and evaluation of methods 
for measuring vitamin A in Canada is described as 
an example. These procedures were designed to re- 
place the antimony trichloride color reaction in the 
analysis of various materials ranging from serum 
collected in nutrition surveys to milk being 
checked for fortification. 

Several publications have recommended simple 
fluorometric methods for the measurement of vita- 
min A in blood. Comparison of the results of fluo- 
rometric and colorimetric methods, however, re- 
vealed large differences. Investigations confirmed 
that blood contains at least one fluorescent 
carotenoid, phytofluene, which interferes in analy- 
sis for vitamin A [1]. Chromatographic purification 
or correction formulas were needed to eliminate 
the errors [2,3]. 

Milk, in contrast, contains little phytofluene. 
Fatty acids from milk include fluorescent lipids, 
but these can be removed by saponification. A sim- 
ple method was developed for milk in which 1 mL 
was saponified and then extracted with hexane in a 
stoppered centrifuge tube [4], The method could be 
used to examine large numbers of samples and it 
was adopted by several laboratories involved in 
milk analysis. Uniformity in milk analysis was 
maintained in Canada by a quality assurance 
program. Between 1979 and 1982, ten laboratories 
in Canada participated in a project in which 4 
samples of milk were circulated for analysis on 20 
occasions. The standard deviations of 6 laborato- 
ries using the fluorometric method were usually 
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